any studies have tried to clarify the value of the admission electrocardiogram (ECG) for predicting infarct size or prognosis in patients with anterior acute myocardial infarction (AMI). [1] [2] [3] [4] [5] [6] In these studies, much attention has been paid to the magnitude of ST-segment elevation, such as the sum of ST-segment elevation or the number of leads with ST-segment elevation. In contrast, the QRS morphology on the admission ECG in patients with AMI has been paid little attention, but was recently investigated by Birnbaum et al [7] [8] [9] [10] who found that a specific QRS morphology (ie, distortion of the terminal portion of the QRS complex) is independently associated with increased in-hospital mortality in these patients. However, the relation of this ECG finding to the time course of left ventricular (LV) wall motion is unclear, so we sought to clarify this relationship in the healing stage of a first anterior AMI.
Methods

Patients
Between January 1991 and December 1998, we had 176 patients with anterior AMI undergo emergency coronary arteriography within 6 h of the onset of symptoms. The data on these patients had been prospectively entered into a computer database, out of which we selected a total of 106 Japanese Circulation Journal Vol.65, February 2001 patients (84 men, 22 women; mean age, 60±9 years) who met the following criteria: (1) typical chest pain lasting for ≥30 min; (2) ST-segment elevation ≥0.2 mV and upright T waves in ≥2 adjacent precordial leads on the admission ECG; (3) an increase in serum creatine kinase (CK) more than twice the upper limit of normal; (4) no history of previous myocardial infarction; (5) lack of bundle branch block or intraventricular conduction disturbance, and no evidence of LV hypertrophy confirmed by echocardiography; (6) technically adequate ECG recordings; (7) no other heart or lung disease; (8) identification of the infarct-related lesion by emergency coronary arteriography; and (9) the performance of coronary arteriography and left ventriculography at 1 and 6 months after anterior AMI. Informed consent for revascularization therapy and follow-up cathetherization had been obtained from all patients.
Twelve-Lead ECGs
Standard 12-lead ECGs were recorded at a paper speed of 25 mm/s and a standardization of 10 mm = 1 mV. We evaluated the presence or absence of terminal QRS distortion on the admission ECG using the definition of Birnbaum et al: [7] [8] [9] [10] (1) pattern A = emergence of the J point at ≥50% of the R-wave amplitude in leads with qR configuration; or (2) pattern B = disappearance of the S waves in leads with an Rs configuration (leads V1-V3). Distortion of the terminal portion of the QRS complex was defined as pattern A and/or pattern B in at least 2 adjacent precordial leads. All ECGs were analyzed by consensus of 2 observers who were blinded to the patients' angiographic and clinical data. Emergency Coronary Arteriography and Reperfusion Therapy Emergency coronary arteriography was performed using either the Judkins or Amplatz technique. Proximal left anterior descending coronary artery (LAD) occlusion was defined as occlusion of the artery proximal to its first septal branch. The coronary flow in the infarct-related artery was graded according to the classification used in the Thrombolysis in Myocardial Infarction (TIMI) trial. 11 The grade of collateral filling in the LAD was determined according to the criteria of Rentrop et al. 12 A collateral circulation with a grade of 2 or 3 was defined as good. If total occlusion of the LAD was confirmed by initial coronary arteriography, intracoronary isosorbide dinitrate was administered, followed by intracoronary thrombolysis with urokinase or tissue plasminogen activator (n=63), or primary coronary angioplasty (n=34). Rescue or immediate coronary angioplasty was performed in 27 patients. Successful reperfusion was defined as the establishment of TIMI grade 3 flow in the infarct-related artery.
Left Ventriculography
Coronary arteriography and left ventriculography in the chronic phase were performed at 1 and 6 months after anterior AMI. The left ventriculogram performed in the 30-degree right anterior oblique projection was analyzed for LV ejection fraction (LVEF) and regional wall motion by an experienced cardiologist who was unaware of the patients' data. LVEF was calculated by the area -length method. 13 Regional wall motion (RWM) was calculated by the centerline method 14 and expressed as the mean values of SD/chord in the anterolateral and apical region (chord number 21-60). The mean of absolute differences between the 1st and 2nd measurements of RWM in the same observer in 20 patients with anterior AMI was 0.3±0.25 SD/chord.
Measurements of CK Levels
In order to determine the peak CK level, blood samples were obtained every 3 h during the first 24 h and once daily from the 2nd day until a normal value was obtained.
Statistical Analysis
Data are expressed as mean ± SD. Categorical data were analyzed by the Fisher's exact test or chi-square test. Continuous variables were analyzed by the paired or unpaired t test. A p value <0.05 was considered statistically significant.
Results
The patients were divided into 2 groups according to the presence (group A, n=23) or absence (group B, n=83) of distortion of the terminal QRS complex on the admission ECG. Of 23 patients with terminal QRS distortion, patterns A, B, and both patterns together were observed in 19, 2, and 2 patients, respectively. Table 1 shows the clinical and angiographic characteristics; there was no difference between the 2 groups in age, gender, or the time elapsed from the onset of anterior AMI to admission. The frequency of preinfarction angina was lower in group A than in group B (26% vs 52%, p<0.01). Emergency coronary arteriograms showed no difference between the 2 groups in the incidence of TIMI grade 3 flow on the initial angiogram, good collateral circulation to the LAD, multivessel disease, or proximal LAD occlusion. Methods of reperfusion therapy or the rate of unsuccessful reperfusion therapy did not differ between the 2 groups. Group A had greater peak CK levels than group B (4617±2619 vs 2695±1768 IU/L, p<0.01). The incidence of TIMI grade 3 on coronary arteriography at 1 and 6 months after anterior AMI did not differ between the 2 groups. There were no differences between the 2 groups in the frequency of administration of angiotensin-converting enzyme inhibitor or the number of patients who underwent coronary angioplasty at 1 month after anterior AMI. LVEF at both 1 and 6 months after anterior AMI was lower in group A than in group B (1 month: 47±11% vs 56±11%, p<0.01; 6 months: 47±7% vs 59±12%, p<0.01) (Fig 2) . Regional wall motion in the infarct region at both 1 and 6 months after anterior AMI was significantly reduced in group A than in group B (1 month: -2.5±0.6 vs -1.9±1.2 SD/chord, p<0.01; 6 months: -2.6±0.7 vs -1.6±1.3 SD/chord, p<0.01) (Fig 3) . Group B had significant improvement in LVEF and RWM in the infarct region between 1 and 6 months after anterior AMI, whereas group A did not (Figs 2,  3) . The degree of improvement in LVEF and RWM between 1 and 6 months after anterior AMI was less in group A than in group B (LVEF: -0.4±6.7% vs 2.9±5.6%, p<0.01; RWM: -0.1±0.5 vs 0.4±0.6 SD/chord, p<0.01) ( Table 2 ).
Discussion
Our results indicate that patients with terminal QRS distortion on the admission ECG have a lower LVEF and more reduced RWM in the infarct region at both 1 and 6 months after anterior AMI. Furthermore, patients with terminal QRS distortion have less improvement in RWM in the infarct region between 1 and 6 months after anterior AMI than those without this ECG finding. These results show that the presence of terminal QRS distortion on the admission ECG reflects more severe and irreversibly ischemic myocardial damage in the setting of a first anterior AMI. Alternatively, the rate of developing myocardial necrosis may be more rapid in these patients with than in those without terminal QRS distortion. In the present study, patients without terminal QRS distortion on the admission ECG had a higher incidence of preinfarction angina than those with it. Preinfarction angina may prevent the development of terminal QRS distortion by its ischemic preconditioning effect, independent of collateral flow. [15] [16] [17] [18] [19] [20] [21] 
Mechanism of Terminal QRS Distortion
The 5 major insertion sites of the proximal Purkinje conduction system into the ventricular subendocardial myocardium are at the distal extremity of the coronary circulation and are therefore affected by ischemia. The electrical excitation of both ventricles from these insertion sites is a combination of rapid spread throughout the endocardial peripheral Purkinje network and the slower spread from the endocardium through the mural myocardium. Severe re- gional ischemia with electrical conduction delay through any of the endocardial sites of Purkinje insertion would affect initial and terminal QRS morphology. 22, 23 In particular, right septal conduction delay, combined right and left septal conduction delay, and anterosuperior, right septal and left septal conduction delay would be expected to produce a decrease in the amplitude of the S wave. 22, 23 Thus, terminal QRS distortion is thought to reflect the conduction delay caused by severe regional ischemia.
Study Limitations
First, the study sample was relatively small, and relatively few patients had terminal QRS distortion. Further studies with a larger population are needed to confirm our results. Second, 70 (40%) of the 176 patients with anterior AMI who were admitted within 6 h of the onset of anterior AMI and underwent emergency coronary arteriography were excluded from data analysis. Therefore, our results cannot be generalized to all patients with anterior AMI. In addition, further studies are needed to clarify whether our results can apply to patients with inferior or posterior AMI. Third, we have clarified the relationship between terminal QRS distortion and the time course of LV wall motion between 1 and 6 months after anterior AMI, but this relationship within 1 month of anterior AMI is still unclear and also must be clarified in future studies.
Conclusions
This study indicates that patients experiencing their first anterior AMI who have terminal QRS distortion on the admission ECG have more severely depressed LV wall motion and less improvement in RWM in the infarct region during the healing stage than those without this finding, suggesting that it may be an indicator of severe and irreversible ischemic damage.
